INTRODUCTION
Metal-organic frameworks (MOF) have attracted much more attention recently not only for their potential applications in gas storage, separation, magnetism, nonlinear optics, luminescence, and catalysis but also for their rational design principles to construct intriguing architectures and topologies. 1, 2 In particular, benzenedicarboxylic acids have been studied extensively as ideal ligands for designing coordination polymers and open framework structures. 3 In contrast, only a few coordination polymers based on flexible ligands have been reported so far probably due to their low symmetry and the flexibility of the backbones which make it more difficult to control the final coordination networks. Cyclohexanedicar-boxylic acids was also expected to be useful ligands in the preparation of MOF because of their excellent bridging ability and limited flexibility. Therefore, MOFs constructed from cyclohexane-dicarboxylic acids have attracted attention very recently.
5
Many factors play important role in the synthesis of MOFs such as the coordination geometry of metal ions, 6 structures of organic ligands, 7 the solvent system employed, 8 counteranions, 9 and molar ratios of ligands to metal ions. 10 
RESULTS AND DISCUSSION
The mixture of trans-1,4-clohexanedicarboxylic acid (chdcH2) and Zn(NO3)2·6H2O in a mixed solvent system (1:0.3, DMF:H 2 O) affords colorless crystals of three-dimensional metal-organic framework 1 under the solvothermal conditions. The coordination environment around Zn(II) atom in a secondary building unit can be described as a slightly distorted octahedral with all six positions occupied by symmetrically equivalent formate oxygens, O1, from each half unit of six formate ligands. The coordination sphere of 1 with the atomic numbering scheme is shown in Fig. 1 Fig. 2 . The anionic formates and dimethylammonium cations are of the hydrolyzed products of the DMF used as one of the co-solvents. Dimethylformamide is not stable in the presence of strong bases or strong and is easily hydrolyzed affording the formic acids and dimethylamines, especially at elevated temperatures. 13 Among the reaction conditions, the temperature would be primary consideration in preparation of the MOFs. If the reaction temperature is too low, it cannot meet the requirements of its reaction kinetics, thus, ligands cannot coordinate to metal ions. On the other hand, if the reaction temperature is too high, it may prevent the formation of the stable structures. In order to investigate an effect of the temperature and an effect of the molar ratio of Zn(NO3)2․6H2O to trans-1,4-cyclohexanedicarboxylic acid in the formation of 1, the reaction mixtures in five different molar ratios, 1:1, 1.25:1, 1.5:1, 1.75:1, and 2:1 (metal to ligand), respectively, were heated in only DMF at six different temperatures, 75, 80, 85, 90, 100, and 110 ºC, respectively, for 3 days. The title complex 1 was not obtained under all those conditions, instead only round shape opaque microcrystallines were obtained, whose identity could not be characterized by x-ray crystallography because of their limited sizes. Keeping other conditions remaining unchanged except the use of DEF (diethylformide) as the solvent instead of DMF, similar experiments were repeated affording the formation of almost identical products to those of the previous experiments. These results indicate that uses of only DMF or DEF as a solvent are not appropriate choice in the synthesis of 1.
Further investigation was focused on the use of mixed solvents. The mixtures of one to one molar ratio of Zn(NO 3 ) 2 ․6H 2 O to trans-1,4-cyclohexane-dicarboxylic acid in mixtures of DMF and water (1.0:0.3) were heated at seven temperature points, 65, 70, 75, 80, 85, 90, 100, and 110 ºC. From the reactions carried out between 70 ºC and 90 ºC, colorless cubic shape crystalline 1 were obtained as a major product with small amount of white solids. In the temperature lower than 70 ºC, there was no noticeable change in the reaction mixture. On the other hand, only white solids were formed in the temperature higher than 90 ºC. In order to confirm the suitable temperatures range suggested from previous experiments, the reaction mixtures with four different molar ratios,
Again there was no noticeable change at the lower than 70 ºC, and only white solids were formed at the higher than 90 ºC. These results indicated that the temperatures range between 70 ºC and 90 ºC, and DMF/ water solvent system are most suitable reaction conditions for the preparation of 1.
Because the molar ratio of the metal ions to the ligand can affect the skeleton of MOFs significantly, five reactions with different molar ratios, 1:1, 1.25:1, 1.5:1, 1.75:1, and 2:1, in a mixture of DMF and water (1:0.3), at 80 ºC were carried out. From the all five reaction, colorless cubic crystals suitable for x-ray crystallography along with small amount of white solids were obtained. The cell parameters of the colorless cubic crystals obtained were obtained by x-ray crystallography and were compared to each other, showing that these are all identical complex 1. These results suggest that the molar ratios of the metal ions to the ligand have no significant effects on the preparation of 1.
Solvent system also can play an important role in the synthesis of MOFs. Keeping molar ratio same (2:1) at 80 ºC, seven different volume ratios between DMF and water, 1.2:0.1, 1.1:0.2, 1.0:0.3, 0.9:0.4, 0.8:0.5, 0.7:0.6, and 0.65:0.65, respectively, were used to find the influence of the solvent system. From the reactions with the lower contents of water compared to that of in 1.0:0.3, the complex 1 was not obtained but small white round opaque solids and small thin colorless fragments. From the reactions with the little higher contents of water (0.9:0.4 and 0.8:0.5), small amount of cloudy cubic crystals was produced with big snowflake white solids. From the reactions with the much higher contents of water (0.7:0.6 and 0.65:0.65), the complex 1 was not obtained at all but big snowflake white solids with small thin colorless fragments. The thin colorless fragments obtained from the co-solvent system, 1. 
EXPERIMENTAL SECTION

Materials and methods
All the materials were of a research grade or a spectro-quality grade in the highest purity available and were generally used without further purification. DMF, Symmetry transformations used to generate equivalent atoms #1 -x+4/3,-y+2/3,-z+2/3 #2 x-y+1/3,x-1/3,-z+2/3 #3 -x+y+1,-x+1,z #4 y+1/3,-x+y+2/3,-z+2/3 #5 -y+1,x-y,z #6 -x+2,-x+y+1,-z+1/2 #7 y+1,x-1,-z+1/2 X-ray crystallography Diffraction intensities for the compound [Zn (HCOO) 3 ](C 2 H 8 N) was collected on a Siemens Smart CCD diffractometer with Mo Kα monochromated radiation (λ = 0.71073Å) source and a nitrogen cold stream (-75 ºC). The data was corrected for Lorentz and polarization effects (SAINT), 14 and semiempirical absorption corrections based on equivalent reflections were applied (SADABS). 15 The structure was solved by direct methods and refined by full-matrix least-squares on F 2 (SHELXTL). 16 All the non-hydrogen atoms were refined anisotropically, and hydrogen atoms were added to their geometrically ideal positions. The cations, C 2 H 8 N, occupied in the channels, lying on a crystallographic three-fold axis are disordered over three sites. The crystal data and structure refinement are given in Table 1 . Selected bond lengths and bond angles are given in 
